192	WATER TURBINES
With reaction wheels working under a constant head, and operating
normally at the most efficient speed, the runaway speed is between 55 and
85 per cent above the normal speed. In a low-head turbine operating
under a wide variation in the head, and designed for maximum efficiency
under the average head, the runaway speed under the maximum head may
be as much as three times the normal operating speed. This depends
essentially on the range of head and on the design of the turbine, and in
such an installation the runaway possibilities should be carefully investi-
gated, with reference to actual tests on a wheel of similar design.
Several types of over-speed regulators are available. These usually
consist of a separate centrifugal governor operating an emergency control
which, when coming into operation, shuts down the unit.
Selection of Turbine. — The choice of the most suitable type of
turbine depends upon a number of factors, including the power, the head,
the desired speed of rotation, and the special circumstances of the plant.
If the head is so large that its variations under varying conditions of
seasonal flow can be neglected, the turbine can be considered from the
view of constant head operation. If the head is low, the rise in level of
the tail water in times of flood is usually much greater than that of the head
water, and the percentage variation in head may become large. Under
such conditions a turbine should be selected which will give satisfactory
operation and reasonable efficiencies over the entire range of heads, and
which will give high efficiencies under the highest heads, which occur when
the minimum quantity is available. Some of the recent high-speed runners
are extremely well adapted for such service.
Where the load variations are likely to be large and where the quantity
of water is limited, a turbine should be selected which will give its maximum
efficiency under the average conditions of operation.
It is usually necessary to select a turbine having a given speed and out-
put in order to operate a generator for which these characteristics are
fixed.
From a knowledge of the necessary output and speed, the characteristic
speed is deduced from the expression
N   =
H* ''
Having determined the characteristic speed, a type of turbine should be
selected having a value of N,, not less than the desired value, and, for high
efficiency, not greatly different from this value. If the calculated value for
a single turbine is greater than is attainable with the type selected, the power
must be divided between two or more units, until the required conditions
are satisfied.
If, for example, an output of 20,000 h.p. be required at 150 r.p.m. under
a head of 40 ft., the value of N, for a single wheel would be 211.   As this is
higher than is attainable with any of the types in general use, it would be
^necessary to install more than one unit.   The following table shows the

